Site-directed mutagenesis of active site cysteines in human thioredoxin produces competitive inhibitors of human thioredoxin reductase and elimination of mitogenic properties of thioredoxin.
Thioredoxin and thioredoxin reductase comprise a redox system ubiquitous in all organisms. To better understand the thiol chemistry of the mammalian thioredoxin-thioredoxin reductase redox system, mutants of human thioredoxin were produced by site-directed mutagenesis in which the two active site cysteines were replaced by serine residues, individually (C32S and C35S) and in combination (C32S/C35S). C35S and C32S/C35S were found to be competitive inhibitors of the reduction of human thioredoxin by human thioredoxin reductase with Ki values of 1.8 and 6.7 microM, respectively. C32S did not inhibit thioredoxin reductase, apparently due to aggregation of the oxidized C32S species. Examination of the three mutant forms of thioredoxin by circular dichroism spectroscopy indicated that there were significant differences in the secondary structures when compared with thioredoxin. There were detectable changes in the circular dichroism spectra when thioredoxin, C35S, and C32S/C35S were bound to thioredoxin reductase, whereas C32S with thioredoxin reductase underwent only a small spectral change. Recombinant human thioredoxin stimulated DNA synthesis and the proliferation of murine fibroblasts. The ability of thioredoxin to stimulate cell proliferation could not be duplicated by either dithiothreitol or glutathione. C32S, C35S, and C32S/C35S failed to stimulate cell proliferation, showing that the redox active form of thioredoxin is necessary for eliciting growth stimulation.